The aim of this study was to investigate the expression of long non-coding RNAs (lncRNA) cancer susceptibility candidate 2a (CASC2a) in patients with urothelial carcinoma of the bladder (UCB) and its predictive value in the recurrence of UCB after radical cystectomy (RC).
Background
Urothelial carcinoma of the bladder (UCB) is the most common tumor of the urinary system, with an estimated 74 690 new cases and 15 580 deaths in 2014 worldwide [1] , which can be classified into muscle-invasive bladder cancer (MIBC) and non-MIBC (NMIBC) [2] . A proportion of patients with initially confirmed NMIBC will progress to muscle invasion, which could increase the risk of cancer-specific death [3] . The mainstay of therapy for MIBC patients has been radical cystectomy (RC) with extended lymphadenectomy [4] ; however, owing to stage differences, the outcomes following RC are not as good as expected [5] . Therefore, it is particularly urgent to explore the molecular mechanism to find reliable biomarkers for treating UCB.
Long non-coding RNAs (lncRNAs) with a length of >200 nucleotides, which do not encode proteins, are involved in multiple biological processes [6, 7] . Recently, it has been found that lncRNA may become a new marker for tumor diagnosis and prognosis evaluation. For example, Zhou et al. revealed that 12 differentially expressed lncRNAs had an important role in the tumor recurrence of patients with breast cancer [8] . Additionally, the study by Duan et al. demonstrated that the AUC values of a 3-lncRNA (MEG3, SNHG16, and MALAT1) panel were 0.865 and 0.828 for the training and validation sets, respectively, and the expression of MEG3 can affect the recurrence-free survival of bladder cancer patients [9] . CASC2, a newly discovered lncRNA, generates 3 different mRNAs: CASC2a, CASC2b, and CASC2c, and has a significant impact on the occurrence and progression of various human cancers, including colorectal cancer [10] , lung cancer [11] , renal cell carcinoma [12] , gastric cancer [13] , and glioma [14] . Baldinu et al. demonstrated CASC2a may act as a tumor suppressor gene, providing a growth advantage in EC cells [15] . In addition, although Pei et al. reported that CASC2 can affect the biological features of bladder cancer cells by inhibiting the Wnt/b-catenin signaling pathway [16] . It has not been clarified whether CASC2a can be used for early diagnosis and prognosis evaluation of bladder cancer. Therefore, our study collected tumor and adjacent normal tissues from 112 patients with UCB who underwent RC. qRT-PCR and FISH were performed to detect the expression of CASC2a, aiming to investigate the value of CASC2a for diagnosis and recurrence prediction in UCB patients following RC, thus representing a promising therapeutic option for suppressing bladder cancer progression.
Material and Methods

Ethics statement
This study obtained approval of the Clinical Research Ethics Committee of the Affiliated Hospital of Hangzhou Normal University and was performed according to the Declaration of Helsinki [17] . Informed consent was obtained from all subjects prior to study enrollment.
Study subjects
Tumor tissues and paired adjacent normal tissues (2 cm to tumor edge) were collected from 112 patients with pathologically confirmed UCB. All patients were treated with RC in our hospital from March 2010 to March 2012. The general clinical pathological information of patients is displayed in Table 1 . Of the 112 patients, 23 were treated with chemotherapy, 9 with neoadjuvant chemotherapy, 13 with adjuvant chemotherapy, and 1 with a combination of neoadjuvant chemotherapy and adjuvant chemotherapy. The inclusion criteria were as follows: patients pathologically diagnosed with UCB; diagnosis fully supported by imaging and clinical examinations; and followed up or reviewed at least once after discharge. Patients were excluded if they were not cleared to undergo transurethral resection of bladder tumor; suffered from other neoplastic diseases; or already had distant metastasis of UCB before treatment.
The expression of CASC2a detected by qRT-PCR in UCB tissues and paired adjacent normal tissues
The frozen tissue samples were stored in a −80°C freezer until used in RNA extractions. The total RNA was extracted with the miRNeasy Total RNA Extraction Kit (Qiagen, Hilden, Germany), and submitted immediately upon isolation for RNA-sequencing. The remaining RNAs were stored at -80°C after the confirmation of RNA-sequencing results. The A260/A280 ratio was determined with a nanodrop ultraviolet spectrophotometer (Thermo, Waltham, MA, USA). Based on the gene sequences in the GenBank database, primers were designed with Primer5.0 and synthesized by Sangon Biotech Co., Ltd (Shanghai, China). The primer sequences are shown in Table 2 . The sample RNA was reverse-transcribed into cDNA and stored at -20°C in accordance with the instructions of the Reverse Transcription Reagent Kit (6210A, Takara Biotechnology (Dalian) Co., Ltd., China). The reaction conditions were 37°C for 30 min for the RT reaction and 85°C for 5 s for reverse transcriptase inactivation reaction. The cDNA obtained by reverse transcription was mixed, and the PCR amplification reaction system (20 μl) was prepared according to the instructions on the Fluorescence Quantitative PCR Kit (RR82LR, Takara Biotechnology (Dalian) Co., Ltd., China), which consists of 10 μl of SYBR Green, 0.8 μl of upstream primer (10 μM), 0.8 μl of downstream primer (10 μM), 2 μl of cDNA (reverse transcription reaction system), and 6.4 μl of distilled water. qRT-PCR was performed with a ABI9700 quantitative PCR instrument (ABI Company, USA). The reaction conditions were as follows: pre-denaturation at 95°C for 30 s and a total of 40 cycles of denaturation at 95°C for 5 s and 60°C for 45 s. With GAPDH as an internal reference, Fluorescence in situ hybridization (FISH) in UCB tissues and paired adjacent normal tissues Tumor and normal tissues were all detect using QuantiGene ® ViewRNA ISH tissue assay (Panomics Srl, Vignate-Milano, Italy) for RNA-ISH in line with the manufacturer's instructions. After deparaffinized, sections were boiled for 5 min in pretreatment solution and digested for 10 min with proteinase K. Next, the sections were hybridized with a custom-designed QuantiGene ViewRNA probe against human CASC2a for 3 h at 40°C. A noprobe sample was used as a control. Slides were stored overnight in storage buffer after the probe hybridization. The next day, hybridized probes were amplified from Affymetrix using PreAmp and Amp molecules. Alkaline phosphatase-conjugated oligonucleotide probes were added and Fast Red was used as substrate to produce signal (red dots) (Pierce, Rockford, IL, Staffs, USA). Slides were counterstained with Hematoxylin and scanned using a Zeiss Mirax Midi Slide Scanner with fluorescence scanner (Centre for Microscopy and Image analysis, UZH, Irchel). Tissue sections were analyzed with Panoramic Viewer software (v. 1.15.2, 3DHISTECH Ltd, Budapest, Hungary,).
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Follow-up
We followed up all patients and their families by telephone and outpatient visits to verify they were still alive. The recurrence, death, or loss to follow-up indicated the completion of follow-up. The recurrence of bladder cancer was defined as a newly growing focus based on cystoscopy or imaging findings. The recurrence-free survival time was the specific time period from the date of surgery to the date of recurrence or death [18] . The last follow-up was conducted in March 2017, and the 5-year recurrence-free survival rate was calculated accordingly. In our study, all patients were followed up. 
ROC curves
The results of the clinical experiment are displayed through a receiver operating characteristic (ROC) curve, and the area under the curve (AUC) and 95% confidence interval (95% CI) were calculated to evaluate the efficiency of the clinical diagnosis as well as recurrence prediction for UCB. Youden Index [Maximum (Sensitivity + Specificity -1)] was calculated and corresponding diagnostics test result values were the cut-off threshold point for CASC2a [19] .
Statistical analysis
All data were processed with SPSS 21.0 software (SPSS Inc, Chicago, IL, USA), and measurement data are presented as the mean ± standard deviation (c _ ±s). Differences between measurement data that obey a normal distribution were compared using the t test and paired t test. Comparisons among multiple groups were analyzed using one-way ANOVA. Enumeration data between groups were compared with the chi-square (c   2   ) test. Logistic regression analysis was used to evaluate the risk of recurrence of patients with UCB. Univariate survival analysis was performed with the Kaplan-Meier method and log-rank test. Multivariate survival analysis was performed using the Cox risk regression model. P<0.05 was considered a significant difference.
Results
Association of CASC2a expression with its clinicopathologic features in patients with UCB
qRT-PCR showed that the expression of CASC2a was lower in UCB tissues than the paired adjacent normal tissues (0.91±0.23 vs. 1.24±0.36, paired-t=19.18, P<0.001, Figure 1A) , which was consistent with the result of FISH, that is, a significant 6-fold decrease of CASC2a level in tumor tissue when compared to the paired adjacent tissues (paired-t=150.11, P<0.001, 441 Figure 1B-1D) . Additionally, according to the median value of CASC2a expression (median=0.901) in UCB tissues detected by qRT-PCR, 112 patients were divided into the high-expression group (³0.901, n=56) and low-expression group (<0.901, n=56). As illustrated in (Figure 2 ).
The receiver operating characteristic (ROC) curve analysis
As shown in Figure 3A , the area under the ROC curve (AUC) of the diagnostic potential of CASC2a in UCB patients was 0.824 (95% CI: 0.766~0.883, P<0.001), and the sensitivity and specificity and diagnostic threshold were 89.30%, 71.43%, and 1.076, respectively, indicating that for a subject with the test result value <1.076, there was a 89.30% probability that the subject will be assigned to the UCB group, and for a subject with the test result value ³1.076, there was a 71.43% probability that the subject will be assigned to the non-UCB group. Additionally, the AUC of the diagnostic value of CASC2a in UCB patients with recurrence undergoing RC was 0.759 (95% CI: 0.671~0.848, P<0.001). The diagnostic threshold was 0.816, and the sensitivity and specificity were 81.55% and 58.21%, respectively ( Figure 3B ), suggesting that for subjects with a value below 0.759, there was 81.55% probability that they will be assigned to the recurrence group, and for those with a value ³1.076, there was 58.21% probability that the subject will be assigned to the non-recurrence group.
Bivariate logistic regression analysis of recurrence in UCB patients after RC
In the bivariate logistic regression analysis, the dependent variable was UCB patients with or without recurrence after RC, and the independent variables were the clinicopathological features and CASC2a expression of UCB patients. As shown in Table 4 , low expression of CASC2a, lymph node metastasis, and not receiving adjuvant chemotherapy increase the risk of recurrence after radical cystectomy in UCB patients.
The relationship between CASC2a expression and the recurrence-free survival rate in patients with UCB after RC
The results of the univariate survival analysis by Kaplan-Meier method are illustrated in 
P<0.05).
In addition, after factoring CASC2a expression as well as pathological indexes of statistical significance shown by univariate analysis into the multivariate Cox proportional hazard model, we found that CASC2a expression, pT4, lymph node metastasis, and CIS were independent risk factors for the recurrence of UCB patients undergoing RC (Table 5 ).
Discussion
Accumulating studies have shown that abnormal lncRNAs can function as oncogenes or tumor suppressor genes in bladder cancer. For instance, SChLAP1 was elevated in bladder cancer tissues, and SChLAP1 siRNA could inhibit the growth and migration of T24 and 5637 cells while promoting apoptosis [20] . Moreover, LINC00312 up-regulate the expression of MMP-2 and MMP-9 while reducing the expression of TIMP2 via the regulation of miR-197-3p, which can inhibit the migration, invasion, and metastasis of bladder cancer cells [21] . Our study also evaluated the role of lncRNA CASC2a in the early recurrence and diagnostic prediction of patients with UCB undergoing RC.
One of the most important results of our study was that CASC2a was significantly down-regulated in UCB tissues. Of note, CASC2 can be classified into 3 subgroup transcripts: CASC2a, CASC2b, and CASC2c. CASC2a is located in a gene region with allelic loss and can be inactivated via genetic mutations (in a few cases) or epigenetic/regulative changes (in most cases) [22] , and the genomic regions affected by such allelic losses often harbor a tumor suppressor gene [19] . Baldinu et al. reported that the mRNA expression levels of CASC2b and CASC2c were similar in normal tissues and neoplastic endometrial tissues, which further demonstrates that CASC2a is a type of transcript that is particularly down-regulated in endometrial carcinoma [15] , which was consistent with our results. This suggests that CASC2a as a tumor suppressor gene whose inactivation causes neoplastic transformation could play a role in tumorigenesis of various cancers, including UCB. Additionally, our study also revealed that the diagnostic sensitivity and specificity of CASC2a in UCB patients were 81.55% and 58.21%, respectively, further indicating that CASC2a in UCB has a relatively high diagnostic efficacy, and consequently has a potential diagnostic role in early screening of UCB from healthy individuals. Furthermore, we found that CASC2a was associated with pT, pN, tumor size, and LVI of patients with UCB.
We also found that expression of CASC2a has potential prognostic values in recurrence in UCB patients undergoing RC, which was associated with pT, pN, tumor size, and LVI of patients with UCB, and could be used as an independent prognostic risk factor influencing the recurrence rate of UCB patients, as conformed by Kaplan-Meier method and multivariate Cox regression analysis. Accumulating evidence has confirmed that lncRNAs can affect the prognosis of bladder cancer patients [23] [24] [25] . CASC2 has also been demonstrated to be linked with cancer prognosis, and it is closely related to various Table 4 . Bivariate logistic regression analysis of recurrence after radical cystectomy in UCUB patients. Table 5 . Multivariate Cox regression analysis.
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oncogenes and tumor suppressor genes, such as SFTA1P [26] . Consistent with our study, the reduction of CASC2 was positively correlated with the advanced stage of colorectal cancer [10] and bladder cancer [16] , indicating that CASC2 could involve the progression of cancers. Liao et al. used a Cox regression model to analyze survival in 57 patients with glioma, finding that patients with glioma and low CASC2 expression had a shorter survival time than those with high CASC2 expression [27] . Additionally, a study by He et al. found the CASC2 expression is an independent factor that affects prediction of overall survival of non-small cell lung cancer patients [28] . The results of previous studies were in line with our findings and may be explained by the facts that CASC2 inhibits the Wnt/b-catenin signaling pathway [16] and the MAPK signaling pathway [13] , or function as a competing endogenous RNA by sponging miR-18a [10] , and thus suppressing proliferation, migration, and invasion of cancer cells. Our data are consistent with the results of relevant studies in other cancers. These results support that CASC2 functions as a prognostic predictor for tumors, including UCB. For UCB patients with recurrence after RC, the sensitivity and specificity of CASC2a for cancer diagnosis were 81.55% and 58.21%, respectively, which also supports that CASC2a may be beneficial for bladder cancer prognosis prediction and treatment.
Conclusions
All these findings show that the expression of CASC2a is remarkably down-regulated in patients with UCB, and is correlated with clinical pathological characteristics (pT classification, pN classification, tumor size, and LVI) as well as cancer recurrence after RC, suggesting that CASC2a may function as a target biomarker for treating UCB. In the future, we will perform a study with a larger sample size, and animal experiments are needed to verify the current data, deeply analyzing the specific mechanism of CASC2a in UCB.
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